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Testing hydro by controlling system size

J.D. Orjuela Koop et al
Phys. Rev. C 93, 044910 (2016)
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@ What about small systems?
And lower energies?
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@ Use collisions species and
energy to control system size,
test limits of hydro applicability
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Multiparticle correlations in small systems

CMS, Phys. Lett. B 765 (2017) 193-220
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@ Multiparticle correlations: a strong case for collectivity in small systems

@ Gaussian fluctuations:

{2} =/vi+o02+§ § non-flow, o variance

v{2,|An| > 2} =,/vZ+ 02  eta gap removes some non-flow

{4} = v {6} = {8} =/ V2 — 52 higher orders remove non-flow

o Can multiparticle correlations be measured in small systems at RHIC?
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2016 d+Au beam energy scan in PHENIX

200 GeV 62 GeV

Central Trigger
Enhancement!

Central Trigger
Enhancement!
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d+Au collision energy | total events analyzed | central events analyzed
200 GeV 636 million 585 million

62.4 GeV 131 million 76 million

39 GeV 137 million 49 million

19.6 GeV 15 million 3 million
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The PHENIX forward vertex detector
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A Multi-Phase Transport model

AMPT basic features
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Final stage

MC Glauber
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None

Parton scattering
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Spatial coalescence

Hadron cascade
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@ AMPT has significant success in describing flow-like signatures

(for low pr and pr-

integrated)

@ AMPT produces final state particles over the full available phasespace
—possible to perform exact same analysis on data and model
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Experimental method and details

Definition of Q-vectors

M M
Qnx = Zcos ngi = ReQn, Qn,y = Zsin ng; = IJmQ,
i=1

i= i=1

Calculation of correlators

QnQ:_M

R (]
@ = Q1@ — 29[ Qi) , 2M —2)|Quf* ~ M(M - 3)
T MM —1)(M—2)(M - 3) M(M —1)(M —2)(M —3) -

Calculation of cumulants
af{2t = ((2))
w{4 = ((4)—2((2)°
Determination of harmonic coefficients
{2} = Ve{2}
vo{d} = /—ca{4}
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Components and cumulants in p+Au and d-+Au at 200 GeV

d+Au p--Au

Lx107° X107
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@ Real v»2{4} in d+Au, imaginary v>»{4} in p+Au

@ Fluctuations could dominate in the p+Au (v2{4} = \/vZ — 02)
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Components and cumulants in p+Au and d+Au in AMPT

d+Au p--Au
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o AMPT similar to data—real v2{4} in d+Au, imaginary v>{4} in p+Au

@ Fluctuations could dominate in the p+Au (v2{4} = \/vZ — 02)
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v2{2} and v2{4} in the d+Au beam energy scan

200 GeV 62.4 GeV 39 GeV 19.6 GeV
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o v»{2} relatively constant with N,,;.. and collision energy
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v2{2} and v2{4} in the d+Au beam energy scan
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62.4 GeV
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o {2} relatively constant with N,,;g.

o Observation of real v,{4} in d+Au at all energies!!!
o Strong evidence for collectivity
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v2{2} and v2{4} in the d+Au beam energy scan

200 GeV 62.4 GeV 39 GeV 19.6 GeV

G2t ,d+Au V5. =200 GeV (@) + ' d+AU |5, = 62.4 GeMD) T | d+AU ys,, =30 GeV(©) + d+AU ys,, = 19.6 Gev(0)]
W V2 O N 1< <3
0. .'o, T preliminary T T ]
0.08f R } I A ]
""‘Mm. o,
0.06f L ; Ioptt 1 v ]
'“ nn‘-".-—*a‘ﬂ 4 79% donfidence level that

0.04f + } 1 {4119 renl for 10 < N, <
0.02F 1 1 1 ]
FETE PRTTL FTTR PTRTE PRTRA PAARA L. UK FUPTERT PUTT WYT) FYTRL ITATi [RTd FATR1 [TRTI FTATY FYPN (AT] FIT) P PTETY FTTTY FYTRY PRTT FTOTY ITey

1 1 1 1 1 1 1 1
51015202530354045 5 1015202530354045 5 1015202530354045 5 10 15 20 2530 354045

FVTX FVTX FVTX FVTX

Nlracks Nlracks Ntracks vaacks
[P ‘ ——— —
> F d+Au central, 10 < N™ < 30 3
0147 tracks |
i 210 210 ]
012ty W0 —oian E
. O.l; .
@ Select 10 < NFYIX < 30, integrate E ]
0.08—~ =
@ Trend of.vzl{Z} ar:jd v2{4} merging 0,061 E
as /Syy is lowere F ]
N 0.04 E
@ AMPT sees the same trend 0.02 E
G: All AMPT curves scaled by 118 ;E,,mi,,fﬂé ]

20 30 40 50 607080 10° x10?
s, (GeV)

R. Belmont, CU-Boulder PHENIX Plenary Session, 7 February 2017 - Slide 11



Intermission

The

story so far:
Real v2{4} in d+Au collisions at all energies!

Imaginary v2{4} in p+Au at 200 GeV, maybe fluctuations dominate?
Good reason to believe collecitivity/flow in p+Au as well

Is real-valued v»{4} really a good measure for collectivity?

Good news: we can turn the knobs in AMPT to see if we can draw a clear
connection between v»{4} and initial geometry in d+Au
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AMPT with no scattering

s b . .
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@ Turn off scattering in AMPT—remove all correlations with initial geometry
O parton = 0 and 0hadron = 0
o Participant plane v» goes to zero

@ Other sources of correlation remain—non-flow
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AMPT with no scattering
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@ Turn off scattering in AMPT—remove all correlations with initial geometry
@ Components show different trend but are still non-zero

@ But v>{4} goes from real to ~zero—connection between real v.{4} and
geometry in d4+Au

R. Belmont, CU-Boulder PHENIX Plenary Session, 7 February 2017 - Slide 14



Intermission

The story so far:
@ Real v2{4} in d+Au collisions at all energies!

o Clear connection between real v»{4} and initial geometry—strong evidence
for collective behavior

What about the non-flow?
o We've shown v»{2} but potentially significant non-flow
o We assume v2{4} removes all the non-flow, but are we sure?

@ Try to apply an eta gap on the 2-particle (v2{2,|An| > 2}) to get a better
handle on non-flow
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How to apply an eta gap in the FVTX?

A A

PHENIX drapidit PHENIX
FVTX South ey FVTX North
-3<n<-1 1 1<n<3

o v»{2} and v»{4}—use tracks anywhere in the FVTX
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How to apply an eta gap in the FVTX?

A B

PHENIX drapidit PHENIX
FVTX South ey FVTX North
-3<n<-1 1 1<n<3

o v»{2} and v»{4}—use tracks anywhere in the FVTX

e v»{2,|An| > 2}—require one track in south (backward rapidity) and one
in north (forward)
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Can we apply an eta gap to get a better handle on the non-flow?

290 GeV 62.4 GeV 39 GeV 19.6 GeV
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o {2} and v»{4} vs NFYIX all tracks anywhere in FVTX

R. Belmont, CU-Boulder PHENIX Plenary Session, 7 February 2017 - Slide 17



Can we apply an eta gap to get a better handle on the non-flow?

290 GeV 62.4 GeV 39 GeV 19.6 GeV

G12F d+AU Y, = 200 GeV (@) + ' d+AU \s, = 62.4 GewB) T | d+Au Vs, =30 GeV (©) T d+AU |s,, = 19.6 Gev ()1
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o {2} and v»{4} vs NFYIX all tracks anywhere in FVTX
o w{2,|An| > 2} vs NYIX, one track backward, the other forward
v2{2,|An| > 2} = /v + 02 w{2} =y/vi+02+4
w{4} = /i —o?
@ Hard to understand this result based on fluctuations
@ The eta gap reduces the non-flow, but what else does it do?
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What can AMPT tell us about asymmetric collisions?
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o Asymmetric collision systems have:
—asymmetric dNg,/dn
—asymmetric v> vs )

@ The FVTX combined is weighted by dNc/dn towards backward rapidity,
where v, is also higher—the effect is more pronounced at lower energies

@ The FVTX two subevent is equally weighted between forward and back:

B F
Va' v
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What can AMPT tell us about asymmetric collisions?
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o Asymmetric collision systems have:
—asymmetric dNg,/dn
—asymmetric v> vs )

@ The FVTX combined is weighted by dNc/dn towards backward rapidity,
where v, is also higher—the effect is more pronounced at lower energies

@ The FVTX two subevent is equally weighted between forward and back:
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What can AMPT tell us about asymmetric collisions?
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o Asymmetric collision systems have:
—asymmetric dN,/dn
—asymmetric v> vs )

@ The FVTX combined is weighted by dNc/dn towards backward rapidity,
where v, is also higher—the effect is more pronounced at lower energies

@ The FVTX two subevent is equally weighted between forward and back:
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Understanding v2{2}, {4}, and w»{2,|An| > 2}
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o w{2} and v»{4} vs N[ ¥ X—weighted average of v& and v}

R. Belmont, CU-Boulder

PHENIX Plenary Session, 7 February 2017 - Slide 19



Understanding v2{2}, v»{4}, and v»{2,

200 GeV

62.4 GeV

F12f oAU Vs, = 200 GV (@) T AHAU Vs, - 62.4 GeVD) ]
%, e V{2 =V {4} -~
ot Ty cvAD )
-... preliminary
0.08f e U 0% 1
"""-'mm.-............“
0.06f ' T + P 1
i
LT LAY iy
0.04F o, W‘*’-- t ‘ E
(0 +
Coeptrarttedes
0.021 T 1

An| > 2}

39 GeV
b d+Au @sw =39 GeV (C) |

* Vo{2,18n1>2}

M

reett
[ .o
ot

19.6 GeV

Ed+Au s, = 19.6 GeV(d){
1<hl<3

 donfidence level that
regl for 10 < N, < 20]

51

1 1 1 1 1 1 1
01520 25 30 35 40 45
Niacks

[ V2{2} and V2{4} Vs Nypacis
° VQ{2, |A’l7| > 2} vs Niacks

e n AR A
51015 20 25 30 35 40 45
Niacks

FVTX

FVIX__fixed, eq

PP Y PP PETY PP FYRTY FPTTS YT Pve] e
5101520 25 30 35 40 45
Niracks

ual weighting /vBvS

@ dN.,/dn and v, vs i) alone may explain these results
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—weighted average of v& and v§

@ There may be additional effects like event plane decorrelation, e.g.
va{2,[An| > 2} = /v V] cos(2(vF - ¥))

R. Belmont, CU-Boulder

PHENIX Plenary Session, 7 February

2017 - Slide 19



Summary and Outlook

o Observation of real-valued v>{4} in d+Au collisions at 200, 62.4, 39,
and 19.6 GeV from the 2016 d+Au beam energy scan
o Connection between real-valued v>{4} and initial geometry established
e Strong evidence for collectivity

o v»{4} observed to be everywhere imaginary in p+Au collisions at 200 GeV
o Could be dominance of fluctuations (o/vo > 1)
e Good reason to believe collectivity exists in p+Au (many PHENIX
measurements on the topic)
o Contrast with p+Pb at 5.02 TeV—what happens in between RHIC and
LHC energies?

@ The trend of w{2}, w{2,|An| > 2}, and v>2{4} with collision energy is
consistent with expectations based on dNg,/dn and v2 vs 7

o AMPT shows similar trends
o Additional effects may be at play—event plane decorrelation?

o Additional measurements are possible and potentially very valuable

o We plan to explore v2{6} in d+Au
o It may be possible to look at v3{4} in 3He+Au
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Additional Material

Additional Material

R. Belmont, CU-Boulder PHENIX Plenary Session, 7 February 2017 - Slide 21






YTpo B COCHOBOM JieCy

Movyemy Ham
HY>HO 3aHUMaTbCA
thnznkon?

Belmont, CU-Boulder | PHENIX Plenary Sesslon 7 Febvuary 2017 Sllde 22

@



Results
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